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ABSTRACT 

The g o a l s  o f  t h e  A p p l i c a t i o n s  A expe r imen t  package 
conce rn  meteoro logy  and e a r t h  r e s o u r c e s .  The e f f e c t s  o f  o r b i t a l  
i n c l i n a t i o n  upon t h e  g o a l s  o f  t h e  A p p l i c a t i o n s  A expe r imen t  
package ,  which conce rn  meteoro logy  and e a r t h  r e s o u r c e s ,  are 
d i s c u s s e d .  An i n c l i n a t i o n  2 50° has been  r e q u e s t e d .  Because 
o f  t h e  d i s t r i b u t i o n s  o f  g l o b a l  weather s y s t e m s  and o f  E a r t h  
t e s t  s i t e s ,  t h e  e x p e c t e d  s c i e n t i f i c  r e t u r n  from t h i s  m i s s i o n  
would b e  s e r i o u s l y  degraded  by  a low ( 2 8 . 5 O )  i n c l i n a t i o n  
o r b i t .  Compromise i n c l i n a t i o n s  ( 4 0 O )  may be p o s s i b l e  f o r  
l a u n c h  n e a r  t h e  n o r t h e r n  hemisphere w i n t e r  s o l s t i c e  . 
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SUBJECT: O r b i t a l  I n c l i n a t i o n  Requirements  : DATE: F e b r u a r y  9, 1967 
A p p l i c a t i o n s  A Mis s ion  
Case 227 FROM: W .  W. E l a m  

MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

A s  d e t a i l e d  m i s s i o n  p l a n n i n g  f o r  A p p l i c a t i o n s  Miss ion  
A i s  a c t i v e l y  u n d e r t a k e n  i t  i s  i m p o r t a n t  t h a t  r e a l i s t i c  r e q u i r e -  
ments f o r  o r b i t a l  i n c l i n a t i o n  b e  s t a t ed .  T h i s  memorandum 
e x p l a i n s  why a h i g h  o r b i t a l  i n c l i n a t i o n  i s  e s s e n t i a l  i f  good 
data  a r e  t o  be  o b t a i n e d .  Although o n l y  t h e  A p p l i c a t i o n  A 
M i s s i o n  i s  d i s c u s s e d ,  similar remarks and c o n c l u s i o n s  w i l l  be 
p e r t i n e n t  f o r  any m u l t i - i n s t r u m e n t  a p p l i c a t i o n  m i s s i o n  whose 
o b j e c t i v e  i s  t o  o b s e r v e  t h e  E a r t h  o r  i t s  a tmosphere .  

Exper iments  

On t h e  a t t a c h e d  s h e e t s  t h e  1 6  A p p l i c a t i o n s  Miss ion  A 
e x p e r i m e n t s  are t a b u l a t e d .  The o b j e c t i v e s  of  each  expe r imen t  
are b r i e f l y  s t a t ed .  The o r b i t a l  i n c l i n a t i o n  r e q u i r e m e n t s  
( s t a t ed  o r  i m p l i e d )  are  n o t e d .  Remarks are made on each  
expe r imen t  r e l a t i n g  o r b i t a l  i n c l i n a t i o n  t o  achievement  of 
o b j e c t i v e s .  A summary o f  these i n c l i n a t i o n  r e q u i r e m e n t s  i s  
g i v e n  here  by t h e  NASA exper iment  number. 

S t r o n g  Requirement f o r  High I n c l i n a t i o n  O r b i t  Low I n c l i n a t i o n  
High (>50°) - I n c l i n a t i o n  D e s i r a b l e  (28.5O) O r b i t  

S a t i s f a c t o r y  

S-041 S-046 
S-042 S-047 
S-043 S-048 
S-044A S-049 
S-O44B S-050 
S-O44C s-057 
S-045 s-060 

s-039 
S-040 

S-039 
S-040 

These expe r imen t s  shou ld  b e  c o n s i d e r e d  n o t  o n l y  as 
i n d i v i d u a l  e x p e r i m e n t s ,  bu t  a l s o  i n  a much more i m p o r t a n t  s e n s e  as 
an  expe r imen t  package des igned  t o  make a s i g n i f i c a n t  c o n t r i b u t i o n  
t o  m e e t i n g  i m p o r t a n t  n a t i o n a l  m e t e o r o l o g i c a l  and  r e s o u r c e s  program 
g o a l s ,  I t  i s  meaningfu l  t o  t h i n k  o f  t h e  e f f e c t  o f  o r b i t a l  
i n c l i n a t i o n  on t h e  m i s s i o n  as r e l a t ed  t o  i t s  program g o a l s .  Thus 
a l i s t i n g  of minimum o r b i t a l  i n c l i n a t i o n s  a c c e p t a b l e  t o  each  
p r i n c i p a l  i n v e s t i g a t o r  i s  n o t  a s u f f i c i e n t  o r '  r e a l i s t i c  basis upon 
which to , -  judge t h e  e f f e c t  o f  d i f f e r e n t  o r b i t a l  i n c l i n a t i o n s .  
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Atmospheric  S e n s i n g  

Many of  t h e  expe r imen t s  (S-043, S - 0 4 4 B Y  S-045,  S-044A 
S-047, S-049, S-050, s -060)  a r e  d i r e c t e d  toward  t h e  g o a l  o f  
g l o b a l l y  measur ing  t h e  v e r t i c a l  p r o f i l e  of t h e  s t a t e  p a r a m e t e r s  
and v a r i a b l e  c o n s t i t u e n t s  of  t h e  a tmosphere .  The development 
o f  such  t e c h n i q u e s  i s  e s s e n t i a l  t o  s i g n i f i c a n t  p r o g r e s s  i n  
meteoro logy  and weather f o r e c a s t i n g .  The f l i g h t  o f  a l a r g e  
number o f  c a n d i d a t e  i n s t r u m e n t s  on A p p l i c a t i o n  A w i l l  a l l o w  
comparison o f  t h e  meri ts  o f  t h e s e  i n s t r u m e n t s  i n  a s h o r t  t i m e  
r e l a t i v e  to t h a t  which would be r e q u i r e d  b y  o t h e r  i n s t r u m e n t  
p l a t f o r m s .  These expe r imen t s  can b e  ve ry  i m p o r t a n t  i n  t h e  
development  o f  t echno logy  r e q u i r e d  by t h e  World Weather Watch 
and t h e  a s s o c i a t e d  Globa l  Atmospheric Resea rch  Program. 

To i l l u s t r a t e  t h e  e f f e c t  o f  o r b i t a l  i n c l i n a t i o n  on t h e  
r e t u r n  from t h i s  group o f  expe r imen t s  c o n s i d e r  a tmosphe r i c  temp- 
e r a t u r e  which i s  a fundamenta l  p a r a m e t e r .  V e r t i c a l  t e m p e r a t u r e  
p r o f i l e s  have r e l a t i v e l y  l i t t l e  t e m p o r a l  or s p a t i a l  v a r i a t i o n  i n  
t h e  t r o p i c s .  I n  F i g u r e  1 i t  i s  s e e n  t h a t  t y p i c a l  summer and 
w i n t e r  t e m p e r a t u r e  p r o f i l e s  f o r  Cape Kennedy are  a lmos t  i d e n t i c a l ,  
and v e r y  s imi la r  p r o f i l e s  are found a l l  around t h e  wor ld  i n  t h e  
t r o p i c s .  Poleward o f  t h i s  l a t i t u d e  t h e  s e a s o n a l  and i n t r a s e a s o n a l  
v a r i a t i o n s  become markedly g r e a t e r .  
t y p i c a l  v e r t i c a l  t e m p e r a t u r e  p r o f i l e s  f o r  a s t a t i o n  a t  6 4  l a t i t u d e .  
There a r e  marked d i f f e r e n c e s  between summer and w i n t e r  and a l s o  
between t h e  two w i n t e r  p r o f i l e s  separa ted  by  on ly  8 d a y s .  The 
d i f f e r e n c e s  between i h e s e  and t h e  Cape Kennedy p r o f i l e s  a re  
o b v i o u s .  For a 28.5 o r b i t ,  only t h e  f i r s t  t y p e  o f  p r o f i l e ,  F i g .  1, 
w i l l  b e  s e n s e d  c o n t i n u a l l y .  For a h i g h  i n c l i n a t i o n  o r b i t ,  p r o f i l e s  
s e n s e d  w i l l  v a ry  c o n t i n u a l l y  from t h e  f i r s t  t y p e  t o  t h e  second ,  
F i g u r e  2 ,  and back a g a i n .  

Shown i n  F i g u r e  2 arz 3 

F i n d i n g  t h e  d e s i r e d  v a r i a t i o n s  of  v e r t i c a l  t e m p e r a t u r e  
p r o f i l e s  i s ,  t h e n ,  a f u n c t i o n  of l a t i t u d e  and s e a s o n .  A t  t h e  
w i n t e r  s o l s t i c e  ( i n  n o r t h e r n  hemisphere)  a r e a s o n a b l y  u s e f u l  r a n g e  
c o u l d  be found a t  40' l a t i t u d e  i n  a two week m i s s i o n ;  a t  t h e  
au tumnal  equinox a t  55' l a t i t u d e .  

To f u l l y  t e s t  t h e  a b i l i t y  o f  t h e s e  A p p l i c a t i o n s  A 
i n s t r u m e n t s  t o  s e n s e  v e r t i c a l  t e m p e r a t u r e  p r o f i l e s  as many t y p e s  
and v a r i a t i o n s  as p o s s i b l e  shou ld  be s e n s e d .  They s h o u l d  b e  s e n s e d  
o v e r  d i f f e r e n t  t y p e s  o f  u n d e r l y i n g  s u r f a c e s  i n  o r d e r  t o  a l l o w  f o r  
t h e  d i f f e r i n g  e f f e c t s  o f  background r a d i a t i o n .  
i f  t h e  A p p l i c a t i o n s  A m i s s i o n  i s  f lown a t  a 28 .5  o r b i t a l  i n c l i n a -  
t i o n  which p e r m i t s  s e n s i n g  o n l y  t h e  r e l a t i v e l y  i n v a r i a n t  v e r t i c a l  
t e m p e r a t u r e  p r o f i l e s  o f  t h e  t r o p i c s  c o m p a r a t i v e l y  l i t t l e  can  b e  
accompl ished  toward f u l l y  d e m o n s t r a t i n g  t h e  c a p a b i l i t i e s  o f  t h e  
i n s t r u m e n t s .  

zt i s  c l e a r  t h a t  
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If t h e s e  i n s t r u m e n t s  a r e  e x e r c i s e d  t o g e t h e r  i n  a h i g h  
( >  50') o r b i t ,  a t t e n d e d  by man, s e n s i n g  so  f a r  as p o s s i b l e  t h e  
comple t e  r a n g e  of v a r i a t i o n s  of t h e  p a r a m e t e r s  t o  b e  measured,  
r e l i a b l e  data  as t o  t h e  mer i t s  of e a c h  i n s t r u m e n t  compared t o  
t h e  o t h e r s  and t o  ground based s t r n d a r d s  can  be  o b t a i n e d  i n  a 
m a t t e r  of  d a y s .  The b e s t  s o u r c e s  of c o n v e n t i o n a l  da ta  are  t h e  
r a d i o s o n d e  and m e t e o r o l o g i c a l  r o c k e t  sounding  ne tworks  i n  t h e  
Un i t ed  S t a t e s  and Canada. 

R e  s o u r c e  s 

The m u l t i s p e c t r a l .  photography expe r imen t ,  
a v e r y  l a r g e  da ta  r e t u r n  c a p a b i l i t y .  
expe r imen t  i s  t o  a p p l y  m u l t i s p e c t r a l  p h o t o g r a p h i c  t e c h n i q u e s  t o  
a w i d e  r ange  o f  E a r t h  s c i e n c e / a p p l i c a t i o n s  problems.  
e s s e n t i a l  t h a t  a wide v a r i e t y  of documented "ground t r u t h "  areas 
be ove r f lown .  Although t h e r e  a r e  some 75 of  t hese  s i t e s  t h e  
f o l l o w i n g  a r e  c o n s i d e r e d  t o  be t h e  p r i n c i p a l  ones  i n  t h e  E a r t h  
Resources  Program s u p p o r t i n g  t h i s  exper iment  : 

S-042, has 
The o b j e c t i v e  o f  t h i s  

It i s  

L a t i t u d e  

L a f a y e t t e . ,  I n d i a n a  38' 

Western  Kansas 38' 
Davis ,  Cal. Area 38' 
Oregon and Wash. 

Area 45' 
Weslaco,  Texas 

Area 26' 
San Pab lo  R e s e r v o i r  , 
Phoenix ,  Ar izona  

Area 

Cal Area 40' 

Area 34' 
Michigan 4 3' 

N e w  York C i t y  Area 
South  Cascade G l a c i e r  

C a r l i n ,  Nevada Area 
P i sgah  Crater ,  

S a l t o n  Sea ,  C a l i f .  

Delaware R i v e r  Area 
P o i n t  Barrow, Alaska  

Goose Bay ,  Labrador  

Area 

C a l i f o r n i a  

Area 

Area 

Area 

L a t i t u d e  
42' 

48O 
38O 

36' 

36O 
38" 

71' 

54' 

S i n c e  on ly  one of t h e s e  ground t r u t h  areas ,  t h a t  o f  
Weslaco,  Texas,  f a l l s  below 28.5",  a l l  t h e  o t h e r s  w i l l  be  missed .  
Fu r the rmore ,  t h e  exper iment  i s  des igned  (and  i s  c a p a b l e  o f  
r e t u r n i n g  enough d a t a )  t o  cove r  e x t e n s i v e  n o r t h e r n  and s o u t h e r n  
a reas  of t h e  world hav ing  economic and s c i e n t i f i c  impor t ance .  
T h i s  f u n c t i o n  w i l l  a l s o  be  s e r i o u s l y  c u r t a i l e d  by a 28.5'  
i n c l i n a t i o n .  
t h e s e  s i t e s ,  a f i f t y  degree o r b i t  a l l  bu t  two. 

A f o r t y  d e g r e e  o r b i t  would o v e r f l y  r o u g h l y  ha l f  of  
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Discussion and Conclusions 

It is clear that the usefulness of the Applications A 
payload will be very seriously degraded if the package is flown 
in a 28.50 orbit, and that the request by the experimenters for 
high ( > 5 0 ° )  inclination is well founded. Inclinations between 
40 and-50' might offer reasonable compromises f o r  the Earth 
resources investigations;to overfly a variety of weather systems, 
however, constraint of the launch to northern hemisphere winter 
is required as well. 

It is strongly u r g e d  that experiment inclination 
requirements be given high priority in mission planning for 
the Applications A package. 

1011-WWE-bl 
/!!H 6k-J 
W.W. Elam 

Attachment 
Applications A Mission Orbital Inclination Requirements 
Figures 1 & 2 

copy to 
(see next page) 
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copy  to 
Messrs. 
NASA H e a d q u a r t e r s  

P.C. B a d g l e y  - SAR 
W.C. B e c k w i t h  - MTP 
A . J .  Ca l io  - SM 
H. Cohen - MLR 
P.E. C u l b e r t s o n  - MTL 
J . H .  Disher - MLD 
F.P. D ixon  - M T Y  
J . A .  Edwards  - MLD 
J.P. F i e l d ,  Jr. - MLP 
W.B. F o s t e r  - SM 
T.A. G e o r g e  - MTX 
E.Z. Gray  - MT 
E.W. H a l l  - MTS 
H. H a l l  - MTX 
L. Ja f fe  - S A  
T.A. Keegan - MA-2 
D.R. Lord - MTD 
J . G .  Lundholm - MLA 
C.W. Mathews - ML 
M . J .  R a f f e n s p e r g e r  - MTE 
I,. R e i f f e l  - MA-6 
M. S a v a g e  - MLT 
A.D. S c h n y e r  - MTV 
W.B. T a y l o r  - MLA 
M. T e p p e r  - SAD 
R.G. T e r w i l l i g e r  - SAM 
J . H .  T u r n o c k  - MA-& 

Manned S p a c e c r a f t  Center 

E.M. C r u m  - EX-34 
D.E. Evans  - EF-4 
B.G. J a c k s o n  - EX 
R.O. P i l a n d  - EX 

Marshall S p a c e  F l i g h t  C e n t e r  

L.F. Belew - I-S/AA 

Bellcomm 
~ ~~~~ 

F.G. Allen 
G.M. A n d e r s o n  
D.R. Hagner 
P.L. Havenstein 
W . C .  H i t t i n g e r  
B.T. Howard 
D.B. James 
L. Ja r re l l  
K.E. Martersteck 
R.K. M c F a r l a n d  
J . Z .  Menard 
I . D .  Nehama 
G.T. Orrok 
T.L. P o w e r s  
I . M .  R o s s  
T.H. Thompson 
J . M .  T s c h i r g i  
R.L. Wagner 
A l l  members, D i v i s i o n  101 
Central F i l e  
Department 1023 
L i b r a r y  

Kennedy S p a c e  C e n t e r  

R .C .  Hock - DF 
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